Abstract The food industry is vulnerable to climate change. Producers will need to adapt to climate change if they, and the communities dependent on them, are to remain viable. There are essentially two ways to adapt-incrementally and transformationally. We differentiate between incremental and transformative adaptation mostly on the basis of the size of the change needed. Here, we studied the Australian peanut industry, which is already experiencing the effects of climate change. We expand on the notion of adaptive capacity and refer to 'transformational capacity' and test its association with resource dependency. Resource dependency is a measure of the interactions that primary producers have with a natural resource and includes factors such as occupational identity, networks, resource use as well as a range of financial factors. We hypothesized that some primary producers were more likely to demonstrate higher levels of transformational capacity if they possessed lower levels of resource dependency. We surveyed, by phone, 69 farmers representing 87 % of the peanut industry in northern Australia. Our results show that the capacity to transform depends upon individual's networks, their employability, tendency for strategic thinking and planning, business profitability, local knowledge, environmental awareness, use of irrigation and use of climate technology. Barriers to transformational change were occupational identity, place attachment and dependents. Our study is one of the first to focus on transformational capacity. This approach allows us to understand why some individuals are better able to adapt to change than others and also to assist industry and community leaders to develop broad-scale strategies.
affect the ultimate outcomes of climate change in two essential ways: mitigation and adaptation. By reducing global emissions of greenhouse gasses (mitigation), we can deal with the root cause of the problem and limit the magnitude of humaninduced global climate change (Howden et al. 2007) . By building the capacity to adjust climate-sensitive activities to plausible future climate scenarios (adaptation), we can adapt and limit our vulnerability to the climate change that does occur (Adger 2006; Jones 2000; Marshall et al. 2012 ). The two processes are linked in that the more effort that is put into mitigation efforts, the less effort will be required for adapting. We focus on developing strategies to inform adaptation. Adaptation will make a major difference to the extent of the impacts of climate change. While strong arguments exist to stabilise greenhouse gas concentrations before the climate system passes irreversible thresholds, we can also accelerate efforts to prepare for those changes that are inevitable (Pielke et al. 2007; Stokes and Howden 2010) .
Primary industries and enterprises, which include the sectors of agriculture, forestry and fisheries, are especially vulnerable to climate change because they are dependent on resources that are highly climate sensitive (Fleming and Vanclay 2010; Howden et al. 2007; Stokes and Howden 2010) . Resource dependency can make resource users especially sensitive to changes that occur in the resource as a result of climate change (Marshall 2010; Vishnudas et al. 2008 ). However, while resource dependency (or sensitivity to change) may describe the likely impacts of climate change, adaptive capacity can be a major influence on what impacts actually eventuate (Marshall et al. , 2013 . Recognising and enhancing adaptive capacity becomes increasingly important for resource-dependent industries facing significant climate change (Kelkar et al. 2008) .
Resource-dependent industries will need to adapt to significant climate changes in some regions of the world (IPCC 2007) . In addition, current predictions of climate shifts suggest that implementing incremental changes in some regions may be insufficient for adaptation; resource users and the industries that define them may need to undergo changes in function or structure-and undergo transformational adaptation-if they are to remain viable Rickards and Howden 2012) . For example, the impact of warming temperatures is already affecting the quantity and quality of wine grapes produced in southern Australia . With projections for an ongoing increase in temperatures and potentially a reduction in rainfall in many regions in Australia (IPCC 2007) , it is possible that in some wine grape-growing regions current varieties may become increasingly unviable. Subsequently, the industry is considering adaptation responses such as relocation, which are essentially transformational (Kates et al. 2012; Park et al. 2012 ). Yet, for such transformational change to be successful, the capacity to undertake such change will need to exist. Through ensuring that the capacity to adapt to a range of climate change events exists, resourcedependent industries can enhance their chances for successfully responding to climate change.
The distinction between incremental and transformational adaptation refers mostly to the 'size' of the change that is anticipated to occur (Kates et al. 2012 ). Moser and Ekstrom (2010) suggest that the capacity to cope and adapt to changes requiring incremental changes is not that different from needing to adapt to change requiring transformational changes: the distinction being across temporal, spatial, and social scales, where transformational change occurs at the long-term end of the adaptation spectrum whilst coping measures occur in the short term. In their analysis, they found that transformations typically require greater time and effort than shorter-term coping or adaptation measures. The capacity to adapt to change-regardless of whether the change is incremental or transformational-requires the capacity to convert existing resources (financial, natural, human, social and physical) into successful adaptation strategies (Adger 2000; Cinner et al. 2011 ). This capacity is enabled through learning, the flexibility to experiment and adopt novel solutions, and the ability to respond generally to a broad range of challenges (Levin et al. 1998) . It refers to the ability of individuals or communities to adapt to adversity and stressful life events by 'reorganising' through networks or institutions that learn, store knowledge and experience and are creative, flexible and novel in their approach to problem solving (Gunderson and Holling 2002) . Only limited research has been conducted to date that explores the relationship between transformational and incremental capacity to change. Without knowledge of transformational capacity, resource-dependent industries are potentially limited in their capacity to develop strategies to adapt to the broad range of climate change impacts that are expected to occur.
A key challenge for industries that choose, collectively and proactively, to adapt to changing climatic conditions will be to ensure that sufficient capacity exists across scales (e.g. across individuals, communities, regions and nations). We focus on the capacity to adapt to transformational changes at the individual scale because this scale is under-represented in climate adaptation science yet is critical to the process of climate adaptation. Adaptation at the individual scale is likely to influence adaptation processes at other scales . For example, individual characteristics may be important in determining the success of an industry-led initiative; such initiatives may depend on the support and capacity of individuals (Marshall et al. 2013) . Individual resource users who have a higher capacity to incorporate transformational change into their working lives are more likely to effectively trade-off the costs between short-term efforts to undertake transformational change and their future limitations to be productive . For these people, change will no longer be seen as a disturbance, but as a trigger for the reorganisation of resources, and for the renewal of the farm organisation and activities (Darnhofer et al. 2010) . Individuals that possess this capacity will not only ensure their own ability to cope and adapt to the impacts of climate change, but will contribute towards the success of their industry in coping and adapting to climate change. However, not all primary producers will have the same capacity to transform (Grantham et al. 2010) . Our research aimed to understand the factors at the individual scale that are associated with higher adaptive capacity.
We use an approach developed by Marshall et al. (2012) to characterise and assess the capacity to transform. This capacity is based on that of adaptive capacity and is useful for analysing adaptation processes more generally. The approach consists of four composite factors or dimensions that are understood to be necessary 'preconditions' for adaptation to occur: (a) the management of risk and uncertainty; (b) the level of skills in planning, learning and reorganising for change; (c) the level of financial and psychological flexibility to undertake change and (d) the level of interest in undertaking change. These dimensions closely resemble the key drivers of adaptive capacity at other scales (Adger 2006) . In this study, we use the four dimensions as a starting basis from which to investigate the factors that might be important in influencing transformational capacity.
Many factors are likely to predispose or limit the capacity of primary producers to adapt (Olsson et al. 2006) . Primary producers will also be limited by their own characteristics and circumstances. For example, factors representing resource dependency (such as occupational identity, place attachment, networks, business approach and business size) have been shown to be important influences on adaptive capacity (Marshall et al. 2007; Vishnudas et al. 2008) . Resource dependency is a concept that represents the intricate relationship that resource users have with a natural resource. This relationship may also be important in influencing the extent to which people are able to undertake change of a transformational nature. Other work has suggested that place attachment and occupational identity are important influences on transformational capacity . Resource dependency has been described elsewhere as including the following components: (1) occupational attachment, (2) place attachment and (3) family, as well as through a lack of (4) employability, (5) networks, (6) business approach, (7) financial buffer, (8) financial turnover, (9) local knowledge, (10) environmental awareness, (11) use of irrigation, (12) use of technology, (13) diversity of household income and (14) diversity of farming income (Freudenberg 1992; Marshall 2011) . Here, we examine the extent to which factors representing resource dependency are associated with transformational capacity.
Case study
We present a case study of the peanut industry in Queensland, Australia, to examine the influence of resource dependency on farmers' capacity to adapt to transformational change. Queensland has been the traditional 'home' of peanut production in Australia over the past 100 years. Over the past 25 years or so, however, climate change has reduced the viability of production in the region by about 30 % through temperature increases and a lower than average rainfall. The peanut industry is particularly watchful for climatic changes since peanuts exposed to high temperatures and end of season drought can accumulate highly carcinogenic and immune-suppressing aflatoxins (Chauhan et al. 2010) . The costs associated with minimising aflatoxin contamination negatively affect the profitability of peanut production (Chauhan et al. 2010 ). The marked decline in peanut production during recent years and the associated increase in disease in water-stressed peanuts are forcing peanut farmers to diversify their cropping options to non-peanut crops, threatening the viability of the shelling and processing components of the industry in the region. If peanut production is to continue, and the investment in the industry is to remain secure, a viable source of peanuts must be supplied.
In an attempt to transform the industry, the largest peanut company in Australia purchased 11,700 ha of land near Katherine in the Northern Territory in 2007, some 3,000 km away from their main office in Kingaroy, Queensland (Fig. 1) . The Northern Territory property promised suitable conditions for growing peanuts and a reasonable availability of water year-round irrigation (Fig. 2) . One strategy that was considered by the industry leaders was to encourage farmers from Queensland to translocate to Katherine as a planned collective response to anticipated change. However, for this strategy to be feasible, it was important to build and support the capacity of peanut farmers to relocate to Katherine and continue growing peanuts. Eventually, in 2011, the strategy to relocate to Katherine was abandoned. In this study, we explored the relationship between existing capacity and resource dependency, and searched for lessons for other industries facing similar situations.
Method

Survey development
Survey questions were developed to quantify a peanut grower's capacity to change and their level of resource dependency as well as to describe the population (Marshall 2011) . Most questions were presented as a statement designed to elicit an attitude, opinion or stance. Statements to assess transformational capacity ) and resource dependency (Marshall et al. 2007) were based on other studies. Respondents were asked to rate how strongly they agreed with each statement using a five-point rating scale. An initial version of the survey was pilot tested with five producers to ensure that the questions were readable and unambiguous. Ethics approval for the project was obtained from CSIRO, Ecosystem Sciences Human Ethics Committee (Project 019/10).
Survey administration
An intensive media campaign was undertaken to introduce the research to the region. Names, addresses, and telephone numbers of peanut growers were obtained from the industry in accordance with relevant ethical guidelines. All peanutgrowing families received a personal letter informing them of the research and inviting them to participate. Of the 90 names on the list, 79 households were contactable by telephone (others were presumed to already have left the industry). We asked if we could speak to the main 'decision-maker' within the family business. The project was again introduced to farmers and oral informed consent was provided by 69 people (all males), representing 87 % of the industry. Interviews were conducted between June and October 2010 and took between 45 and 90 min.
Survey analysis
Descriptive statistics were used to portray the sample population of peanut farmers, their transformational capacity and their level of dependency on the resource. The 14 components of resource dependency and the four components of transformational capacity were assessed for each peanut producer by calculating an F score or 'weighted mean' for the set of responses to relevant statements. F scores range from 1 (perfect positive correlation) to −1 (perfect negative correlation) and a score of 0 indicates no linear statistical relationship. F scores were calculated by conducting a factor analysis or principal components analyse in SPSS® and forcing the data into one factor only. This means that we assumed that the responses to the set of statements representing each dimension of resource dependency and transformational capacity were correlated. Correlations between adaptive capacity and resource dependency were analysed using Spearman correlation matrices on the basis of F scores for each variable. The responses to statements about each component of resource dependency and adaptive capacity were forced into one respective principal component, and the F scores saved. Descriptive statistics were used to present the adaptive capacity and level of climate sensitivity (resource dependency) of producers.
Results and discussion
Our results show that peanut producers can vary in their capacity to transform along several dimensions providing some insight into why some individuals might be better at adapting to change than others (Table 1) . Whilst some individuals might have low levels of capacity on one or more dimensions, it is possible for two individuals to share low levels of capacity but for different reasons. That is, our results suggest that not all individuals have the same capacity to transform; some individuals are likely to face considerable barriers that make embarking on their own adaptation pathway too challenging. The complex nature of adaptive or transformational capacity suggests that any single initiative led by the industry to enhance capacity is thus unlikely to be successful (Campbell et al. 2006 ). Yet, resource industries may wish to seriously consider enhancing the capacity of their industry members (such as farmers, fishers, foresters, graziers) to undergo transformation as a climate change response since the transformational success of the industry may depend on individuals being able to transform (Marshall et al. 2013) . If so, a range of initiatives will be needed to enhance transformational capacity at the individual level to ensure the success of planned transformational changes at the industry level (Newsham and Thomas 2011) .
Initiatives to enhance the transformational capacity of primary producers will need a novel approach. For example, results from Table 1 suggest that peanut producers were less likely to see the opportunities associated with climate change ("Climate change brings great opportunities" received a mean of 2.45 on a scale of 1-5), than they would see the need to minimise their losses during bad seasons ("The important thing for me is to minimise my losses during bad seasons" received a 4.02 on a scale of 1-5). That is, peanut producers did not necessarily approach the risks associated with climate change uniformally. Results suggest that in order to enhance the capacity of peanut farmers on the first dimension of transformational capacity (the perceptions of the risks and the management of uncertainty) they would require assistance to see the opportunities associated with climate change, including the possibility of suitable alternative employment opportunities (Howden et al. 2007 ). Any intervention that assists primary producers to confidently approach risk and manage uncertainty, such as through facilitated or collaborative learning opportunities, is likely to be important. Drawing on learned experience from previous extreme weather events such as drought through discussion groups, and combining these with the strategic priorities of the farm business, provides legitimacy for how individuals readily adapt (Marshall et al. 2013) .
The capacity of peanut producers on the second dimension was equally variable, but farmers were more aware of the need to be strategic. For example, farmers were generally negative to the sentiment that, "if there is a drought, I just hope for the best" (mean of 2.42 on a scale of 1-5). Similarly, farmers gave the impression that they were open to trying new ways to farm since they were generally positive to the statement, "I like to experiment with new ways to farm" (mean of 4.01 on a scale of 1-5). These results suggest that encouraging the development of skills for planning, learning and reorganising (the second dimension of transformational capacity), again through enhanced networking and collaborative learning opportunities, may be positively received and may enable producers to be more proactive during drought periods and to consider alternative approaches for dealing with future climate challenges . Enhancing the capacity to transform on this dimension might occur through peer-to-peer learning and through social interaction in discussion groups. These strategies may assist individuals to make complex decisions, provide informal environments to explore scenarios and maintain and establish networks (Larsen et al. 2012) . Building climate variability and change into general farm business risk management and planning approaches through discussions with trusted advisors and service providers can also be effective (McGuckian and Rickards 2011; Rickards et al. 2011) . Peanut producers appeared to have the necessary emotional and financial capacity to transform. For example, they responded negatively to the statement, "I am less likely to survive drought compared to other farmers I know" (mean of 2.04 on a scale of 1-5). They responded positively to the statement, "if needed, I am prepared to completely change the way I manage my property in order to survive as a farmer" (mean=3.73). In other contexts, perhaps, primary producers could be encouraged to increase their proximity from their thresholds of coping (the third dimension of transformational capacity) by supporting them during drought periods and assisting them to have a collaborative outlook that increases their drought knowledge and provides useful technical and emotional networks.
Peanut farmers also appeared to be interested in transforming if the need arose. For example, they responded positively to the statement, "I am interested in learning new skills" (mean=3.86), and responded positively to the statement, "I am interested in learning about climate change and its impacts on the peanut and farming industry" (mean=3.39). The fourth dimension of transformational capacity (the interest in change) could be improved or stimulated through providing primary producers with climate change information and knowledge, particularly pertaining to their region (where possible). Other research has suggested that the information must be appropriately framed, ensure regional and industry relevance and consider the needs of the target audience Primary producers also varied from each other in their levels of dependency on the natural resource (Table 2) . For example, some peanut producers in our study had experience outside of the industry (mean=1.35 on a scale of 2 where 1= yes and 2=no); fewer had a trade certificate or degree (mean= 1.60 on a scale of 2 where 1=yes and 2=no). Some farmers were highly supportive of statements such as, "I am unlikely to move elsewhere to farm if conditions become unsuitable here" (mean of 3.2 on a scale of 1-5) whereas many were not. One quarter of our sample suggested that if they could no longer be a farmer they would take an early retirement, but nearly 40 % suggested that they would search for non-farm employment elsewhere. Some (mean=3.26) felt confident that they had strong formal or informal networks or in their approach to conducting business in the region (mean=3.16). Some peanut producers saw themselves as a "lifestyle" farmer (mean=3.71), whilst others saw themselves as businessoriented in their approach to their farm. There was high consensus among peanut producers in this study regarding occupational identity, whereby most individuals strongly identified with being a farmer (for example, "being a farmer is a lifestyle-it is not just my job" received a mean of 3.71 on a scale of 1-5 and, "farming is what I know best" received a mean of 4.11). They also felt that they were continually in touch with the condition of their land (the statement "I continually monitor the condition of my land so that I can recognise important changes" received a mean of 4.21), suggesting that they could respond to environmental feedbacks. However, farmers varied in their understanding of whether land condition was related to land management or the local environment, climate and geology ("land condition is not related to the way we use the land, but rather to the local environment, climate and geology" received a mean of 3.4; Table 2 ).
Our most significant finding related to the interaction between transformational capacity and resource dependency. In our endeavour to discover which peanut producers were most likely to transform and adapt to climate change, we found that peanut producers that were well-networked (Pearsson correlation >0.260 on three dimensions of transformational capacity), employable (Pc=0.313 on the second dimension of capacity), strategic (Pc>0.283 on three dimensions), profitable (Pc=0.376 on the second dimension), had local knowledge (Pc=0.331 on at least two dimensions), environmental awareness (Pc=0.407 on at least two dimensions) and used irrigation (Pc=0.285 on at least two dimensions) and technology (Pc=0.287 on at least two dimensions) and had lower attachments to place (Pc=−0.252 on the third dimension) and occupation (Pc=−0.270 on the third dimension) were more likely to have a higher capacity ( Table 3 ).
Producers that were poorly networked, unemployable, unstrategic, unprofitable, with little local knowledge or environmental awareness, did not use technology and had higher attachments to place and occupation exhibited lower levels of transformational capacity (Table 3) . Not all of these interactions can be effectively managed within reasonable time frames (such as occupational identity or place attachment), but we see that many can. For example, climate adaptation strategies that focus on strengthening networks within an industry, developing strategic skills sets, encouraging the development of local knowledge and use of technology and irrigation are likely to be an important start. Whilst we do not want to imply causality, we see that incentives that encourage resource users to consider strategies along these lines may be important for stimulating better preparedness for the future. If industry leaders can encourage resource users to develop their capacity to adapt and transform, then the success with which resource industries can respond to the impacts of climate change in their region is likely to be positively influenced. Governments, communities and other institutions that support primary industries must play a vital role in assisting resource industries to develop the capacity to undertake a range of adaptations . To date, the significant social challenges associated with adapting to climate change have not been well incorporated into climate adaptation planning processes and this outcome presents risks that the adaptation process will not bring net benefits (Adger et al. 2011; Adger et al. 2012) . Our results suggest that strategies to enhance adaptive capacity need to be more innovative than simply providing fiscal resources. For example, we did not find that income diversity at the farm or household levels were significantly correlated with transformational capacity. Providing financial resources to primary producers is unlikely to enhance their capacity to transform. Focusing investments on those factors known to be associated with capacity are more likely to be effective.
Creating supportive policy environments that enable lower-risk change pathways and that provide well-matched incentives for effective change will be important (Paavola and Adger 2006) . Future research might identify and test the significance of other influences on transformational capacity. For example, how people embedded within different institutional contexts are enhanced or restricted in their capacity may be important for learning across scales. In the meanwhile, our results from producers within the Australian peanut industry provides some evidence that the capacity to transform is positively associated with the extent of an individual's networks, their employability, tendency for strategic thinking and planning, business profitability, local knowledge, environmental awareness, use of irrigation and use of climate technology. This knowledge may significantly assist industry and community leaders to develop broad-scale strategies that assist industry members to adopt industry-led strategies and adapt.
Conclusion
In this study, we show how concepts such as transformational capacity can be assessed and quantified at the scale of the primary producer so as to identify the likelihood that transformation might occur not only at this scale, but at other scales. In the case of the peanut-producing industry of northern Australia, we see that some individuals are more likely to undertake transformational change than others. These individuals were more likely to be well-networked, employable, strategic, profitable, have local knowledge, be environmentally aware and use irrigation and technology. They were also likely to have a lower attachment to place and occupation. These findings may be important for industry leaders wishing to enhance the capacity of their constituent members to undertake transformational change. We conclude that if climate adaptation and the adoption of transformational strategies are to be successful, investing in the capacity of resource users to change may be important. Strategies to consider include assisting individuals to develop their networks, increase their employability, develop their strategic thinking and planning skills, plan for business profitability, invest in local knowledge, develop an environmental awareness, use irrigation and use climate technology.
